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Abstract 
Increasing number of disasters with a large number of victims and significant social and economic losses are observed in the past 
few years. Prevention is always better than the cure for any kind of problem, and this very concept applies to the disasters also. 
Recent events can catch our eyes on them as how much loss we have to suffer in both as life and as property. Such fatal 
accidental problems can occur in our everyday life as we come across the causes of these disasters. There are many forms of 
disaster and each has a terrific effect on man and material. As the paper progresses the disaster caused on Indian rails generally 
due to catching of fire is been highlighted. In this context a wide survey on Indian railways has been done and the recent statics 
of the railway disasters for the past few years in general shows the accident cum disaster in the form of fire in train. Therefore 
such consideration is kept in mind and with respect to that, the case study is carried out for a local area where an idea of using a 
water pipeline along the railway tracks is proposed the methods to prevent these disasters are discussed in this paper. The 
proposal of running a pipeline parallel with the railway tracks which will contain water which can be very useful in case of any 
kind of fire disasters. These pipelines will have water, which are conserved by rain using harvesting system or any other form of 
waste water. Water that come out as sewage from houses and canals can be purified to a usable form which will be stored in the 
water tanks at every railway station and used at the time of any minor or major railway accidents (fire disaster). 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Disaster can be defined as a horrific event which causes the loss, decline, deterioration of production and loss of 
human life [6]. Disasters hinder economic growth, cause poverty, waste time, cause diversion of funds, delay 
development and cause huge financial loss and human suffering and death. Disasters can occur as a consequence of 
the impact of a natural or a human-caused hazard. Natural hazards comprise phenomena such as earthquakes, 
volcanic activity, landslides, tsunamis, tropical cyclones and other severe storms, tornadoes and high winds, river 
and coastal flooding, wildfires and associated haze, drought, sand and dust storms, and infestations. Human or 
artificial disaster include illegal discharge of oil, or accidental such as toxic spills or nuclear meltdown, train/metro 
collision and finally fire in trains which is normally an everyday eye-catching disaster happening all around 
everywhere. From the reference survey, economic aftermaths have an increasing trend as average annual damages 
resulting from natural. Disasters increased from 20 billion dollars in 1990 to more than 70 billion dollars in 2004[2]. 
Whereas the disaster occurring from the fire in trains have been approximated from year 2003 to 2012. Even though 
the fire in trains may have been a very frequent accidental case contributing to the major disaster, but still there is 
still a lack of concern or advanced technology which could act as a First-Aid in saving the lives of several people 
before waiting for the fire brigades or any fire extinguishing moveable vehicle. In this context the study on various 
types of disaster and its management is been done and the effective solutions are been proposed and discussed. The 
feasible idea of using a water pipeline along through the railway track is been proposed and is been estimated in 
view of both quantitative and qualitative aspects along with the cost estimation. 
2. Methodology 
In view of the greatest contribution on the scale of disaster, disaster caused due to fire in trains have been 
highlighted as a cause of concern and the preliminary study is done and discussed on the major fire 
accidents/disaster occurred on Indian Railways. Further as the paper progresses, one can explore on the proposed 
idea of putting a pipeline running all through along the tracks which will have a high pressure opening after certain 
intervals. These pipelines will be connected all the way to different railway stations which will be having a separate 
heavy loaded tank made of concrete and storing a useable water (water treated from the sewage water) which will be 
provided to the respective pipelines during the case of emergency ( in case of fire in train). Disasters/ Emergencies 
do not just appear one day, rather they exist throughout time and have a life-cycle of occurrence, and hence the 
management strategy should match the phases of an emergency in order to prepare, implement, respond, relieve and 
recover from its effect. Hence the next section proceeds with the Disaster Management discussion. 
3. Disaster Management 
Disaster management, in simple sentence is a skill and a way of controlling disaster [3]. It may be seen as a part 
of good governance. Disaster is a serious disruption of the functioning of a society, causing widespread human, 
material, and environmental losses. Disaster Management encompasses all aspects of planning for worst case 
scenarios and responding to them in case of emergency required thereby managing the disasters on that scale. 
Disaster management techniques and methodologies are based on the economic status of the country and hence it 
varies from country to country [3]. Any disaster management technique involves certain amount of investment 
which is largely supported and provided by the Government of that country. Hence the process of managing 
disasters and thus increasing safety, involves a balancing act between the cost of reducing the risk of a disaster and 
the benefits arising from the amount of risk reduced [3]. 
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4. Disaster and its Types 
Disaster: A disaster is a natural or man-made event that negatively affects life, property, livelihood or industry. It 
often results in permanent changes to human societies, ecosystem and environment. Disasters can occur as a 
consequence of the impact of a natural or a human-caused hazard [3]. Disasters are basically of two types namely 
Natural disasters and Man-made disasters.  
Natural disasters:  A natural disaster is a major adverse event resulting from natural processes of the Earth; examples 
include floods, earthquakes, cyclones etc. A natural disaster can cause loss of life or property damage, and typically 
leaves some economic damage in its wake, the severity of which depends on the affected population's resilience, or 
ability to recover [5]. 
Man-made disasters: These may be intentional. These are the disasters which are caused by human efforts. Humans 
are totally responsible for these kinds of problems. Man-made disasters comprises of disasters like fire, rail 
accidents, road accidents etc. 
Flood: These are the natural disasters which are caused due to the rise in level of water in rivers or sea. A main 
reason for flood can be global warming. Due to the increase in global temperature the glaciers at both the poles 
starts melting which causes to rise the water level. While the size of a lake or other body of water will vary with 
seasonal changes in precipitation and snow melt, it is unlikely to be considered significant unless it 
floods property or drowns domestic animals. Floods may happen gradually and also may take hours or even happen 
suddenly without any warning due to breach in the embankment, spill over, heavy rains etc. There are different 
types of floods namely: flash flood, riverine flood, urban flood, etc. [5]. 
Causes: Heavy rainfall, Heavy siltation of the river bed reduces the water carrying capacity of the rivers/stream, 
Blockage in the drains leads to flooding of the area, Landslides blocking the flow of the stream. 
Earthquake: Earthquake is one of the most destructive natural hazards. They may occur at any time of the year, day 
or night, with sudden impact and little warning. They can destroy buildings and infrastructure in seconds, killing or 
injuring the inhabitants. It is the sudden shaking of the earth crust. The impact of an earthquake is sudden and there 
is hardly any warning, making it impossible to predict [5]. 
Causes: The earth’s crust is a rocky layer of varying thickness ranging from a depth of about 10 kilometers under the 
sea to 65 kilometers under the continents. The crust is not one piece but consists of portions called ‘plates’ which 
vary in size from a few hundred to thousands of kilometers. These stresses can be classified according to the type of 
movement along the plate’s boundaries: pulling away from each other, pushing against one another and sliding 
sideways relative to each other [5]. 
Cyclone: Cyclone is a region of low atmospheric pressure surrounded by high atmospheric pressure resulting in 
swirling atmospheric disturbance accompanied by powerful winds blowing in anticlockwise direction in the 
Northern Hemisphere and in the clockwise direction in the Southern Hemisphere [5]. 
General characteristics: Some of the general characteristics of cyclones are: Strong winds, Exceptional rain, and 
Storm surge. 
5. Statistics: Case Study Of Major Railway Accidents Caused Due To Fire 
Knowing the fact that Indian railways is the longest railways in the world; this conclude saying most of the 
Indian citizens are reliable on Indian trains [1]. But do we think that these trains are reliable or not. The statistics 
given below shows about the major railway accidents caused due to fire. If we introspect on the fact that whether 
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technology has provided enough for the security and protection of the life of people travelling in train, we get the 
answer by seeing the losses in terms of life and property as given in Table. 1.1.  
Table 1.1 Details of fire accidents from year 2003 to 2013. [5] 
Serial Number Date Place Number of Deaths 
1 15th May 2003 Ludhiana 36 deaths & 15 injured 
2 18th August 2006 Secundrabad Two carriages got burned 
3 18th April 2011 Ratlam Few coaches and minor injuries 
4 12th July 2011 New-Delhi Minor injuries and major loss of property 
5 22nd November 2011 Dehradun 7 deaths and minor injuries 
6 30th July 2012 Nellore 47 deaths and 25 injuries 
7 16th October 2012 Gulbarga Minor injuries and loss of property 
8 30th November 2012 Gwalior 1 death and loss of property 
9 28th December 2013 Ananthpur 26 deaths and 12 injuries 
6. Proposal of Using Water Pipelines Along Railway Tracks 
There have been several railway accidents that occurred due to fire in train as described in previous section. 
These accidents have either caused loss of life or loss of property. Majority of the cases happened where people 
were helpless and they saw their own property turning into ashes and the same time losing their loved ones in the 
spreading rapid fire. Such scenarios are heart touching giving the message that still technology needs advancement 
in serving and saving humanity. In this context this paper proposes some of the first aid mechanism in saving one’s 
life with the idea of having water pipeline running along the track which can eject pressurized water in case of fire, 
with the help of GIS command given to the nearby station. A survey between Bangalore and Mangalore railway 
stations was been done. The total distance between the two stations was observed to be 500 kms. The train bogie 
length and width were estimated as 23.5m and 3.5m respectively.  So according to the estimated data given above, 
we need at least 500kms of cast iron pipe and at least 50000 nozzles as each nozzle will be placed at a distance of 
10m. The expected cost of pipeline between these two railway stations comes around 100$ per ton of pipe, so 
accordingly the 500km of pipeline can be estimated [4]. The proposed discussion goes as follows: 
There will be a cast iron pipe of reference diameter running along the railway track at some particular height. The 
iron stands will be supporting the pipes at regular intervals. The pressurized nozzles used for the ejection of water at 
time of fire emergency will be placed at definite intervals. Further description is given below. 
6.1. Material used for pipe 
Cast iron circular pipes of diameter 15cm is used which is strong and durable. Higher cost can be the major 
constraint but that cannot be compromised with the life of people. Since it is a onetime investment, therefore can be 
supported by the Indian Government under Indian Railways Authority Board. 
The pictorial figure of pipes with its diameter is shown in Fig. 1. 
 
 
 
 
 
 
Fig. 1. Pipe used for supplying water.[4] 
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6.2. Nozzle 
Rotating open tap cum nozzles should be put at regular intervals say after every 10m, keeping in mind the size of 
each coach being 23.5m. These nozzles will supply high pressurized water when the outlet is open from the station 
tanks. The high pressure opening will eject out the water at high pressure as shown in Fig. 2. 
 
Fig. 2. High pressure nozzle [4] 
6.3. Tanks installed at all stations 
In view of water outlet, a tank of 500 gallons should be installed at every station. 
Material used for construction:  Concrete cement can be used for its construction. Tank can be placed at the roof 
top of every station or somewhere near the station.  Fig. 3 shows the architecture of the tank in the whole system. 
 
 
 
 
 
 
 
 
Fig. 3. Tanks installed at stations. 
6.4. The water in tank 
Water stored in the tank is the usable water converted from sewage and waste water which has a direct link to all 
the sewage water treatment plants. Also nearby houses, industries, factories can supply their sewage water to this 
treatment channel which when converted to usable water can be supplied to tank where it can be used in case of 
emergency. Basically water tank will be having inlet and an outlet, each of which will be having specific task to 
perform.  
 
Fig. 4. Rain-water harvesting system.[4] 
High pressure nozzle 
i
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6.5. Distance between pipes and tanks 
When a train travels  its generates a lot of vibration all around its track, so putting a pipe too close to the track 
will be damaged due to the vibrations. Some standard specific distance is required between the pipe and the track. A 
distance of around 1m-1.5m is been estimated by survey and has been proposed which will protect the pipe from 
getting damaged as shown in Fig. 6. Complexity arises at the time of placement of pipes, whether it’s a single or 
double track. If it is a single track then the pipes can be put any of the sides of the track but in case of double line i.e. 
when two separate tracks are running in parallel then we need to put the pipe in between the tracks minding the 
distance between the track and the pipeline as shown in the figure given below. This concept will in fact reduce the 
cost of pipeline and at the same time can be used for both the tracks. 
 
 
 
 
 
 
 
 
 
Fig. 5. Information transfer using GIS. 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Distance between tracks and pipe.[4] 
6.6. Command to open outlet (using GIS) 
In this context we can take the help of GIS (Geographical Information System).  It is a system designed to 
capture, store, manipulate, analyse, manage, and present all types of geographical data. In the simplest terms, GIS is 
the merging of cartography, statistical analysis, and database technology [1]. A GIS can be thought of as a system—
it digitally creates and "manipulates" spatial areas that may be jurisdictional, purpose, or application-oriented as 
shown in Fig. 5 [2]. Modern GIS technologies use digitized data creation methods. Therefore at time of fire disaster 
in train, the system can respond in the fastest way to reach the nearby station to let the opening of tank outlet which 
will release water in the pipes of the target spot and hence can be used for extinguishing fire at high pressure water 
flow. It can also answer questions like, what are the alternative ways to reach the people needing help. One toll free 
number will be given which can be contacted in case of emergency and the person in charge can connect to the 
nearby railway station security personals to reach the target spot. In Fig.5. We can see that how the whole process of 
information transfer using GIS is done. The very first step of the event is the occurrence of disaster event (fire). 
Proceeded by the first aid mechanism under which there are various steps to be followed as discussed. The first step, 
of dialing the toll free number, should be provided by the railway authority. As soon as the railway in charge 
responds to the call, the installed GIS will be activated. It collects all the information and starts to spot the target. It 
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detects where exactly the accident has taken place. Then it communicates with the railway stations which come 
under the range of the accident area. It commands them to open the outlets of the pipeline from the water tanks that 
are situated at the railway stations. So as soon as the railway stations release the water, due to high pressure in the 
pipes water reaches the accident spot very fast. As soon as the water reaches the accident spot anyone from the 
passengers or from the railway staffs present at the spot can manually trigger the high pressurized water using the 
nozzles which are connected with the pipe. So in the final step high pressure water ejects from the nozzle and helps 
to control the fire and save many lives. 
6.7. Complete proposed model 
The proposed model as shown below in Fig. 7 has been taken specifically between two stations. Two tanks may 
open their outlet in case of fire in train.  The pipelines will be served with running water at the instant of opening 
outlets. This high pressurized water in addition will be added with the extra pressure at the nozzle end and thus 
opening of water nozzles will outlet the water for neutralizing fire. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Complete proposed idea. 
7. Drawbacks as a Challenge for Future Work 
As usual every system and proposal will have some drawbacks. This proposal also has some loop holes which 
can be put up as a challenge for future work. One of the weaknesses of the system is in case of many rail lines 
meeting at some point, where the complexity arises for the placement of pipelines. Secondly the bridges coming on 
the route are not been considered, where the installment of pipelines may be a problem. Considering cost as a 
drawback, then it is impossible to implement as cost cannot be comprised with the life of people. In this context, the 
author poses a challenge for cost effective advancements in the system. 
8. Conclusion 
This paper contributes to provide a model for an Effective fire disaster in train and first aid mechanism for 
managing the disaster immediately. This paper has proposed a new architecture for supporting efficient decision 
making during fire situations. To reach this point, systematic proposal is put, weakness links in the current systems 
are pointed out and some suggestions for better disaster management are given. Use of GIS can be a platform to 
stores several layers of information and react at time of fire disaster by targeting the spot of accident. GIS can attain 
the major part of goals in crisis management In short, the thoughtful application of using such a proposal can take 
much of the panic and surprise out of emergencies. 
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